Aldehyde-derived hydrazones belong to an important class of chemicals because of their many applications in synthetic organic chemistry.
1 Notably, they are attractive as umpolung carbonyl reagents because of the presence of the electronreleasing amino component that activates the azomethine (CH]N) carbon atom position toward electrophilic substitution. Much research attention has been devoted to the preparation of functionalized aromatic aldehyde hydrazones.
2 Recent attention has shied toward the achievement of using the hydrazones' C]N bond as various radical acceptors for their diverse functionalizations (Scheme 1). [3] [4] [5] [6] Along this line, Baudoin and coworkers have reported an efficient procedure for the CuCl catalyzed triuoromethylation of N,N-dialkylhydrazones under Togni reagent. 3 In 2016, the groups of Hashmi and Zhu presented a work of diuoroalkylation of aldehyde N,N-dialkylhydrazones by CF 2 radical.
4,5 Then Zhu's group reported a procedure for the C-H bond phosphonation of aldehyde N,N-dialkylhydrazones with the commercially available diphenylphosphine oxide. 6 For the limited work of presented studies, substantial effort need to be devoted to the development of different radical (such as N, Si and B) to activate the hydrazones' C-H bond. ‡ Due to the abundant, renewable, inexpensive and ecofriendly energy source, visible-light promoted photocatalysis has recently been employed as a powerful strategy in synthetic organic chemistry.
7 Many novel visible-light mediated reactions were developed for the efficient and rapid preparation of ne chemicals over the past years. 7, 8 In the context, the addition of nitrogen-central radical generated by photo-catalysis to a p acceptor has been developed as a straightforward method to access structurally diverse N-containing compounds.
9 Nevertheless, despite these important progress, existing methods for radical-type amination are largely limited to carbon-carbon p bonds (alkene, alkyne, or arene). For example, MacMillan et al. developed an elegant N-radical-mediated enantioselective direct a-amination of aldehydes by rationally merging visible-light photoredox catalysis with asymmetric aminocatalysis in photoredox-catalyzed C-H amination of arenes and heteroarenes with the use of N-acyloxyphthalimides as the N-radical precursor.
10 Shortly thereaer, Yu et al. developed a similar strategy by using a readily accessible hydroxylamine derivative as an N-radical precursor, which proved to be an efficient and broadly applicable visible-light photoredox-catalyzed direct C-H bond amination of various heteroarenes, including indoles, pyrroles, and furans.
11
Inspired by the pioneering works, we wondered that a Nradical precursor with good leaving group could be easy to generate a N-mediated radical and here present a work of direct C-H amination of aldehyde N,N-dialkyl hydrazones by visible Scheme 1 Radical addition to carbon-nitrogen p bond. China. E-mail: xjwang@jsnu.edu.cn light irradiation. To the best of our knowledge, the direct C(sp 2 )-H amination of benzaldehyde or its synthetic equivalents (aromatic aldehyde hydrazones) through a radical way is unexplored, but could complement existing strategies. Herein we reported an efficient and mild procedure for the amination of aromatic aldehyde hydrazones based on N-(acyloxy)phthalimides as aminating reagents under visible-light irradiation. The generation of a N-central radical by visible-light photoredox catalysis recently has emerged as a powerful tool in synthetic organic chemistry.
7e On the basis of these previous reports, we initiated the reaction of N-morpholino-1-phenylmethanimine (1a) and various nitrogen radical precursors by using fac-Ir(ppy) 3 as photocatalyst owing to its superior reduction capacity upon excitation by visible light (Scheme 2). Aer irradiation by uorescent light bulb for 24 h at room temperature, it was found only precursor 6b with strong electrondecient group gave a slight yield (7%).
Encouraged by this preliminary result, we further optimized the reaction condition. The desired product (7a) was obtained by employing aldehyde hydrazone (1a) and the N-(acyloxy) phthalimides as the model substrates and by using the photoredox catalyst Ir(ppy) 3 with visible light in MeCN (Table 1) . According to the Sanford group's report that the use of more electron-withdrawing R-substituents would enhance the leaving group ability of the carboxylate anion, thereby favoring fragmentation to release RCO 2À with generation of the N-centered phthalimidyl radical (PhthNc). The PhthNc then could participate in C-H amination of diverse substrates. Our initial efforts toward achieving this goal focused on the changing of leaving group of N-(acyloxy)phthalimides. To achieve this goal, we examined the C-H amination of aldehyde hydrazone (1a) with a series of electronically different N-(acyloxy)phthalimides in the presence of 2 mol% of Ir(ppy) 3 and visible light in MeCN. As shown in Table 1 , N-(acyloxy)phthalimide 6a (R ¼ CH 3 , entry 1) did not react to afford C-H amination product 7a but with the starting materials consumed. However, the increase of electronwithdrawing ability of R group in 6 derivatives resulted in the improved yield. In particular, 6f gave the best yield (18%). To optimize the reaction condition, the solvents were varied together with using different additions. Aer solvent screening, dimethyl sulfoxide (DMSO) was found to be the most suitable for this reaction (Table 2, entry 3). Contrary to expectations, the bases were bad for the reaction (Table 2, entries 5-8). We then speculated that the nitrogen precursor was easily decomposed under the inorganic bases and could not generate the N-radical. Control experiments showed that the reaction could not Scheme 2 Screening for an effective N-radical precursors. Reaction condition: 1a (0.1 mmol), nitrogen source (3 equiv.), Ir(ppy) 3 (0.002 mmol, 2 mol%), MeCN (1.5 mL), at room temperature, fluorescent light bulb, 24h.
a Yields determined by GC-MS. c Starting materials were consumed and no products were detected by GC-mass. nd ¼ not detected. Bs ¼ benzenesulfonyl, Ns ¼ 4-nitrobenzensulfonyl. proceed in the absence of either visible-light irradiation or the photoredox catalyst (Table 2, entries 9 and 10). And we also found that the reaction got a good yield under visible light irradiation from blue LEDs instead of uorescent light bulb aer 48 h (Table 2 , entries 12).
With the optimized condition established, we next investigated the effect of the N-substituent (Scheme 3). The results showed that this reaction did not tolerate secondary amino groups, as a complex mixture of product was obtained in the case of 1ac-1ab, even though the starting materials were consumed. These experimental results indicated that the N,Ndialkyl structural motif was crucial for this transformation.
Furthermore, a plausible photo-catalytic cycle is proposed in Scheme 4. First, upon visible-light irradiation, the photocatalyst Ir(ppy) 3 undergoes a metal to ligand charge-transfer (MLCT) process to produce the strongly reducing excited state IrðppyÞ 3 * (step a). Single electron transfer from IrðppyÞ 3 * to 6f results in fragmentation of the N-(acyloxy)phthalimide with the generation of an N-centered phthalimidyl radical (PhthNc) and Ir(ppy) 3 + (step b). Subsequent addition of PhthNc to the C]N p bond leads to an aminyl radical intermediate 9 (step c), which then undergoes oxidation and deprotonation of the aminyl cation, giving aminated product 7a. When 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO) was added into the reaction mixture under the standard condition, only trace amount of product 7a can be detected (Scheme 5). It demonstrated that this reaction generated radical which could be trapped by TEMPO, which suggested the single electron transfer process during the reaction.
The amination of various aromatic N,N-dialkyl hydrazones under the optimized reaction conditions was next examined to gauge the scope of the reaction (Table 3) . Aryl aldehyde-derivied hydrazones bearing either electron-donating or electronwithdrawing substituents furnished the corresponding products. And electron-withdrawing (7b,7c) gave a slightly better yield. The C-H amination reaction of heterocyclic hydrazones or aliphatic aldehyde-derived hydrazones was discouraged in the present condition (7l and 7m).
In conclusion, we have developed an efficient and mild visible-light photoredox-catalyzed C-H amination of aryl aldehyde-derived hydrazones for the rst time, where N-acyloxyphthalimides were employed as nitrogen-radical precursors. And it is anticipated that the present strategy could be used for more useful transformation of C-N p bond in the future.
